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Hybrid Somatic Cells 77 W

Body cells of different species can now be crossed to form somatic

hybrids. This alternative to sexual breeding should facilitate the

study of human genetics and provide insights into differentiation

ne of the most powerful tools
O available to the biologist is genet-

ic analysis, through which the
structure of the hereditary material and
its relation to the functions of cells and
organisms are revealed in great detail
and with high resolution by the manner
in which various characteristics are
passed from one generation to the next.
At first this analysis was made through
sexual breeding, which is easily accom-
plished in such organisms as the fruit
fly Drosophila or the mold Neurospora.
Much of modern genetics, however,
rests on information gained by taking
advantage of processes that represent al-
ternatives to sexual breeding. These al-
ternatives were first exploited for the ge-
netic analysis of bacteria and viruses.
Now such an alternative to sexual breed-
ing has been developed for the genetic
analysis of higher animals, including
man. The new procedure stems from the
discovery that somatic cells (body cells,
as opposed to eggs and sperm) can be
crossed to form hybrid cells that live and
multiply.

The technique was discovered in 1960
by George Barski, Serge Sorieul and
Francine Cornefert of the Institut Gus-
tave Roussy in Paris. They had mixed
together cultures of two different mouse-
cancer cells that could be distinguished
by differences in cell morphology and
in the shapes of some of their chromo-
somes, the threadlike structures in which
the genes are arranged. After a few
months they saw that a few cells of a
new type had appeared, containing in a
single nucleus the chromosomes of both
parents. They were hybrid cells; they
had arisen by the fusion of pairs of cells
of the two different types. Barski and his
colleagues went on to produce pure cul-
tures of these hybrid cells and grow
them successfully. Soon other somatic
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hybrids were produced by crossing vari-

ous pairs of cell lines. '
It became clear that the hybrids were

not mere curiosities. They have twor

- properties that make them suitabl¢ for
genetic analysis. First, both sef§ of chro-

mosomes are functional, #nd the hybrids
therefore exhibit ¥ hereditary charac-
teristics of beth parents. Second, as the
hybrids multiply they lose some of their
chromosomes, and this process produces
cells with many different constellations
of “parental” genes.

The genetic analysis of hybrid .cells
has been brought to bear on a num-
ber of biological problems. One problem
is the formal genetics of higher animals,
including man: the location of genes on
specific chromosomes. Breeding analysis,
which is effective for this purpose in
lower animals and plants, is too slow in
mammals (even in mice the generation
time is about three months), and it is im-
possible in man. The analysis of somatic
cells, on the other hand, proceeds with-
out any breeding of individuals, and the
generation time for somatic cells (from
one cell division to another) is generally
between 12 and 24 hours. Another prob-
lem under study is that of cellular differ-
entjation, the process whereby cells that
presumably have the same gevoo
equipmjent become o Hercntly spec
ized in form and function. To investigate

the mechanisms that bring this about

one must work with cells that have un-
dergone differentiation; somatic }’iybridi-
zation makes it possible for the first time
to apply genetic analysis to differentiat-
ed cells. We shall give an account of the
first results in both areas of investigation
after describing the methods of somatic
hybridization and the relevant proper-
ties of hybrid cells.

The basic techniques of cell hybridi-

zation are those of standard cell culture,
in which cells taken from a bit of tissue
ar€ allowed to settle out of a suspension
and proliferate to form a layer on the
bottom of a laboratory dish [see illus-
tration on page 28]. To give the cells

.room to grow the layer is periodically

broken up, and a few of the cells are
transferred to a new dish; these “serial
passages” can be repeated many times,
and some cells go on multiplying indefi-
nitely. Such a culture is heterogeneous,
having been derived from a fragment
containing several cell tvpes. In order
to obtain uniform populations of cells
one must inoculate a cultuye dish with
a very small number of high'v dispersed
cells, so that cach produces 1 discrete
“cione.” or a colony that represents the
progeny of a single cell.

Experiments in hybridization begin
with a mixed culture of two parent cell
lines, each characterized by the presence
of marker chromosomes not found in the
other, After a few days or weeks of
growth one can identify hybrid cells by
examining chromosome preparations.
The drug colchicine is added to the me-
dium to wrrest cell division in metaphase,
a stage that is favorable for observation
of the chromosomes. The cells are fixed,
m)‘f’tt‘ 'd onto a slide and stained. Under

w i voscope such preparations show
DI RY nmmal metaphase chromosome
sets of both parental types, each recog-
nizable by the number and shape of the
chromosomes. If any hybrid cells have
been formed, there will also be hybrid
metaphases, recognizable by the large
number of chromosomes and by the pres-
ence of marker chromosomes from both
parents [see illustration on page 29).

In Barski’s first hybridization experi-
ment, performed in this manner, the hy-
brids turned out to have a selective ad-
vantage over the parental cells and grew



HYBRID CELLS and their parent celis are seen in a set of phase-
contrast photomicrographs made by the authors. Rat cells (top)
and mouse cells (middle) are grown together in a cell cultare.
Some of them fuse and form hybrids, which are isolated and grown
in a pure culture (bottom). The rat cells tend to flatten out on
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the surface of the glass.culture dish and so they appear thin. The
mouse cells attach more loosely to the glass and therefore appear
more refractile. The hybrid cells combine the morphological char-
acteristics of both parent lines: they are more refractile than
the mouse cells but they attach more completely than the rat cells.




more rapidly, and so they soon consti-

tuted a large enough fraction of the total .

cell population to be isolated by clon-
ing. One of us (Ephrussi), together with
co-workers first at the Laboratoire de
Génétique Physiologique at Gif in
France and then at Western Reserve
University, isolated a number of other
somatic hybrids. In each case success
depended on the hybrid’s having a selec-
tive advantage in the mixed culture,
_Since hybrids were rare and it took a
long time for enough of them to accumu-
late so that they could be isolated, and
since some crosses were almost surely
failing only because the hybrids had no
selective advantage, it was clear that a
method conferring a decisive selective
advantage on hybrid cells would be ex-
tremely valuable.
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200,000 parental cells (half of rach

kind).

Harvard Medical Schoo! deviged a tys- e
tem for the selective isolation of hybrid  With Richard L, Davidson, one of us

cells [see illustrations on page 30 and at
top of page 31]. He cultured, in.a me-

diu(m containing the drug aminopterin,
twi | ISt

(Ephiussi) then modified Tittlefield’s

‘method to devise a_“half-selective” sys-

tem that is more generally applicable, in

which _._which only one parent cell line lacks one

lacked a different enzyme necessary for

i of the e%lxvmes necessary for growth in

growthoin the presence of aminopterin,

When hybrid cells were formed, they
were able to grow in the aminopterin
medium by virtue of mutual comple-
mentation: each parent supplied the
gene for the enzyme the other parent
lacked. Littlefield’s selective medium
therefore kills cells of both parent lines
but allows the survival and unhampered
growth of hybrid cells. In the course of

his experiments Littlefi¢ld established

that one hybrid cell was produced per

Littlefield’s r_parent
canbe a normal line, carrying no selec-
tive marker, provided that it grows slow-
ly or is inoculated in small numbers.
Assume, for example, that a dish is in-
oculated with a million enzyme-deficient
cells and only 100 normal cells. In the
selective medium the majority parent
degenerates, leaving discrete colonies of
the minority. parent and of hybrid cells.
The hybrids can usually be recognized .
by their shape, and their hybrid nature
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CLONING

CELL CULTURE begins with minced pieces of tissue from an
adult animal or embryo. Incubating the pieces in a digestive en-
zyme such as trypsin breaks them up into a suspension of single
cells. Inoculated into a liquid nutrient medium and incubated, the
cells attach to the bottom of the culture dish and divide, produe-
ing a continuous sheet, The sheet is again digested with trypsin.
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If a large fraction of the cells are thereupon inoculated in new
medium, the process is repeated. Such serial passages yield hetero-
geneous cultures because the tissue pieces contained several kinds
of cells. If instead a few dispersed cells are inoculated (right), they
divide to form diserete “clones,” or colonies of the progeny of one
cell. One clone is then selected with which to start a pure culture.



is confizmed by examination of the chro-

These selective systems were first ap-
plied to intraspecific crosses (be-
tween different cell lines of the same
species, usually the mouse). Then we
managed to cross cells of different spe-
cies. The first of these interspecific
crosses involved rat and mouse - cells;
later hamster-mouse hybrids and finally
mouse-human hybrids were obtained.
Most of the current experimentation is
being ¢one with interspecific_hybrid
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cells. The reason is that they fulfill the
two requirements for genetic analysis
much better than the intraspecific hy-
brids do. T
Since a geﬁé' can be recognized only
when it mutates to an alternative form
that is recognizable in the progeny,
the existence of distinguishing genetic
markers in the two parents that can be
traced in the progeny is a sine qua non
of genetic analysis. In microbial genetics
the most valuable markers have been en-
zymes that exist in a normal form and
also in a form altered by mutation. Such
enzyme markers could serve in mam-
malian-cell studies too, but the trouble is
that the necessary mutations are rare
and are more difficult to induce in mam-
malian cultured cells than they are, for
cxample, in bacteria. This paucity of
markers led us in 1965 to undertake
crosses between different species. We
knew that as a consequence of evolution
many animal species have come to pos-
sess variants of the same enzyme that
differ in their structure. These differ-
ences affect the physical properties of
the enzymes, so that the two variants can
be distinguished by such methods as
electrophoresis and chromatography.
We could expect, therefore, that cross-

ing cells of different species would yield

hybrid cells endowed with many built-in

enzyme markers. ;
The only question remajning was

whether or not the genes of both par-

ents would in such cases be functional

in the ;_iybrids. Fortunately that proved
to be the case. For example, in rat-mouse
of
(LDH) are synthesized [see bottom il-

tate dehydrogenase

lustratipn on page 31]. Malate dehydro-
4 [oni are two
other enzymes that have been found in

LY -

both parental forms in interspecific hy-
brid cells.

The wealth of genetic markers in in-
terspecific hybrids fulfilled the first pre-
requisite for genetic ana]ysis. We soon
found that the second requirement was
fulfilled too: successive generations of

METAPHASE chromosome preparations of t[wmmilmngc_el_l‘s/ﬁumchmmnic
bybridization are shown (top and middle) along wilhi a mgtaphase of the hybrid cell (bot-
tom). The chromosomal DNA has been replicated and the two copies of each chromosome
are joined to form Fshaped or X-shaped double chromosomes. The cellaof one line (top)

have two extradong V-shaped chromosomes, one of which iwhwm
arrow). The other line has many X-shaped chromosomes (middle), two _of which aredistinc-

tive (thin arrows). The hybrid cell (botiom) contains the chromosomes of both pai'ent lines.
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the interspecific hybrid cells contain de-
creasing numbers of chromosomes as a
result of the loss of chromosomes during
cell division, The rate and the extent of
the loss vary in different hybrids, but
they are generally greater than they are
in the intraspecific hybrids.

As an example of an intraspecific
cross; consuier the hybrids derived from

twgJinies of mouse cells, Detailed analy-

sis o? he chromosomal chdnges is not

many marker chromosomes, since there

are large differences in the shapes and

sizes of the two species’ chromosomes

their karyotype was examined: the cells
cOo i <e chro-
mosomes but only from two to 15 of the

[see WMustration on page 32]. Analysis of

46 human _chromosomes. Apparently

the numbers and kinds of chromosomes
in successive generations of rat-mouse
hybrids showed that although the de-

thesg_hybrids had lost most of their hu-
ma i

formed. They continued to lose them as

crease jn the total number of chromo-
nn’f_xs_no.Lmuch_g&atet than it is in

. ultlvated After 100 generg-

pos: "
moso ¢ about the same shap_e_wggd .

mos ntain. only
a qu marker chromosomes. In general

rat chromosomes than of the mouse

cause it is possible to obtain cells that

chromosomes _disappear. In hamster-
mouse hybrids there is greater loss of the

contain all the mouse chromosomes and
either no human ones or very few, thd

mouse.chromosomes than of the hamster

chromosomes.

tion,

sta i —as ight
expect, since the hybrids contain an ex-
cess of most genes and can therefore
survive Xhe loss of some chromosomes.
The logs usually does not exceed 10 to

the mmym, or_chromosomal constltu-

In 1967 one of us (Weiss) and Howard

MCreen, working at the New York Uni-

versity School of Medicine, succeeded
in crossing mouse cells with human cells

mouse-human hybrids lend themselves
as we shall see, to studies of humay
genetics, . ‘

One would like to be able to cross any

and found that the hybrids presented an
extreme case of preferential chromo-

two cell types at will. Although Lit-
tlefield’s system and the half-selective
system are in principle applicable to a

20 percent of the number of chromo-

soprres in the original fused nucleus, how-

som - hybrid
cells appeared from the beginning to be

ever, so that even after hundreds of gen-

erations the hybrid cells retain most of

the chromgsomes of both parents.
In_contrast to_fhe intraspecific hy-

brids, those produced by the fusion of

cells of different species have a great

different from other interspecific hy-
brids. Instead of having some of the
characteristics of each parent, they

ge number of crosses, they depend on
the introduction of specific mutations
into the cells to be crossed. In mamma-
lian cells this is a difficult and time-con-
suming process, and for some kinds of

looked much-more like the mouse cells _cells it may be impossible. During the

thar_the human cells [see illustration on

page 34]. The reason became clear when
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DNA SYNTHESIS from sugars and amino acids is blocked by aminopterin (top). An al-

ternative pathway depends on preformed nucleosides (DNA precursors) and the enzymes

thymidine kinase (TK) and hypoxanthine guanine phosphoribosyl transferase (HGPRT).

Cells with these enzymes can grow in a medium containing aminopterin and pu‘lcnsjdes.
L]

MUTANT LACKING
IN ENZYME TK

MUTANT LACKING
IN ENZYME HGPRT

- HYBR® CELL

MUTATIONS produce some cells that lack TK but produce HGPRT (black dots) and some
that lack HGPRT but produce TK (colored dots). If such cells are crossed, the hybrid cells
contain the genes from both parent lines and therefore produce both parental enzymes,
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time it takes to select cells with the muta-
tion resulting in the required enzyme
deficiency, for example, other changes
may occur that alter other cell properties
one would like to retain, There are<two

waxs in _which one might bypass this

Wcm’e
systesn_hased on naturally occum

markers or by somehow increasing the
frequency of cell fusion to such an extent
thag"the hybrids no longer need to be
s¢lected. The second of these approaches
has proved to be rewarding.

Some years ago Y. Okada of Osaka

UnivesSity _reporfed That 1he —sendai
strain of parainfluenza virus causes ani-

mal cells in suspension to clump togeth-

- er and that many of the clumped cells

undergo multiple fusions, With this ob-
servation in mind Henry Harris and
J. F. Watkins of the University of Ox-
ford were able in 1965 to bring about
the fusion of different types of cells with
Sendai virus that had been rendered

“noninfectious by ultraviolet irradiation.

The virus treatment induced the forma-
tion of giant cells with from two to 10
or more nuclei—in some cases hetero-
karyons, or cells with nuclei from differ-
ent parents. Some of these nuclei fused,
yielding hybrid karyotypes, but Harris
and Watkins saw no hybrids capable of

~ more than a few divisions. Yet the oc-

currence of nuclear fusion, hybridization
and some cell division, and the absence
of viral infection (since the virus was
inactivated), implied that the method
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HYBRID . i HYBRID -NORMAL CELL CELL A HYBRID CELL B
SELECTIVE SYSTEMS are required in order to isolate the rare’ Int i cell lacks an en-
hybrid cells from the proliferating parent lines. One selective sys- zyipe, but since only a few of the other (normal) cells are inocu-

tem (a) depends on the enzyme activity outlined in the illustration ° lated{the rare but discrete hybrid colonies can be isolated. In virus-

on the opposite pgge, Cells lacking either enzyme are killed; hy. indugced hybridization (c) any two cells can be crossed. The viy

beida, which have both enzymes, live and form colonies (color). rus capsts them to clump and fuse, promoting hybrid formation™”
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MOUSE MOUSE HYBRID RAT RAT
PARENT PARENT

ENZYME MARKERS are available in somatic cells because differ- diaphragm yields five different LDH bands in each (left and n‘ht),
ent species contain slightly different forms of the same enzyme. The two No. 5 bands are present in the parental cells nsed il
These forms can be separated on the bhasis of their mobility in an hybridization. The hybrid has both parental bands and also has
electric field. Electrophoresis of the LDH found in mouse and rat three intermediate bands representing hybrid molecules (Mﬂ.%



b CHROMOSOMES of the rat, mouse and rat-mouse hybrid cells il
lustrated on page 27 are displayed here in two forms: metaphase
. figures (lefz) and karyograms (right), in which the chromosomes

. are arrangdd in groups on the basis of shape and size. The 42 rat

chromosonges (top) include large ones like unbalanced X’s (thin
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" arrews) and small X-shaped ones. The mouse parental cell (mid-

dle) has an abnormal number of chromosomes, b4 instead of the.
usual 40, and g distinctive X-shaped one (heavy arrow) as well s
the usual ¥shaped ones, The hybrid from which this preparation
was.made (bottom) has 89 chromosomes, of both parental types,
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could be developed to provide large
numbers of hybrids capable of pro-
Jonged multiplication.

This was achieved by George Yer-
ganian and M. B. Nell of the Children’s
Cancer Research Foundation in Boston
and then by Hayden Coon and one of
us (Weiss) at the Department of Embry-
ology of the Carnegie Institution of
Washington. In the latter case the cell
lines involved were such that the fre-
quency of virus-induced hybrids could
be compared with that of spontaneous
hybrids isolated by the selective tech-

hybrids; since many enzymes are com-
posed of subunits, molecules of this kind
are probably common in hybrid cells.
The existence of functional hybrid en-
zymes was not in.itself a surprise. Clem-
ent L. Markert of Johns Hopkins Univer-
sity had earlier produced such LDH
molecules by chemical methods. What is
surprising is to find that homeologous
genes that have diverged as widely as is
suggested by the different structures of
the enzymes they specify can still pro-
duce proteins similar enough to assoc:-
ate into molecules whose enzymé. activ-

niques, and so it_was possible to deter- ity can fully satisfy the requirements of

ming: the eﬂectlveness of the virus in

ion. Viable hybrids
appeared from 100 to 1,000 times more

a living cell.

he two examples we shall give of

frequentlv in cultures treated with Inac-

= current experiments utilizing somatic

tivated virus than they did in cultures

hybridization have to do with the for-

left” to spontaneous hybridization. The
virus-induced hybrids proved to have
the same properties as the spontaneous
ones and can therefore be used for the

mal genetics of man and with the study

" of gene expression and its control in cel-

lular differentiation.
Study of the formal genetics of any

same kinds of experiments. 2t is now pos- _ organism begins with the determination
s1ble-to\make crosses between cel]s to

of linkage groups and the assignment

two cellg can be crossed and the result-

ing hybrid can be isolated..

O ne of the most interesting findings of
somatic-hybridization studies is the
very fact that somatic cells of different

origins are compatible. The incompati--

bility between the sperm of one species
and the egg of another is well estab-
lished; in extreme cases an egg fertilized
by a sperm of another species immedi-
ately expels the nucleus of the sperm. It
is therefore surprising to see that the
nuclei of cells of two different species
fuse and in most cases at once begin to
function harmoniously. This implies that
the intracellular signals that dictate the
sequence of biochemical events in one
parent’s division cycle must be “under-
stood” by the components of the other

cell—in spite of the millions of years dur- -

ing which mammalian species have di-
verged from their common ancestors by
accumulating gene mutations.

A related finding is that the hybrid
cells synthesize hybrid enzymes that
function satisfactorily. As we mentioned
before, -mouse__hybrids _synthesize
bqth parental forms of the enzvme LDH.

]

_of genes to specific chromosomes. Then

~ genes are localized in specific segments
of the chromosomes, establishing genetic
maps for the species. The required data
are ordinarily obtained by sexual breed-
ing over many generations, each involv-
ing segregation and recombination: the
processes, which occur during formation
of the germ cells, by which the various
parental genes are distributed in differ-
ent assortments to different daughter
cells, resulting in progeny with a range
of different characteristics. In effect, the
loss of chromosomes by successive gen-
erations of somatic hybrid cells takes the
place of the segregation and recombina-
tion that occur in germ cells, making it
possible to begin to determine human
linkage groups.

§ Mggée-humgn hybrids eventually lose ‘ ;msses between differentiated
all their human chromosomes. By study- ifferenti

bly this

roup designat
chromosome carries the thymidiue ki-

n, ene. This wa the
cl ; C-
tive medium and exposed to bromode-

11} which kills cells containin
t,hymidme kinase. None of the cells that
survived this treatment contained the
chromosome in question.

The mouse-human hybrids can surely
be used_to locate other genes in_specific.
chromgGsomes. The gene need not be for
:ﬁa\nzyme that is missing from the
mouse parent as in the case of thymidine
kinase. Because of the physical differ-
ences between mouse and human forms
of many enzymes, one can find out
which human enzymes are retained in
various hybrid populations and so cor-
reldte the presence of the enzyme with
that of a specific chromosome. Similar
experiments should reveal the location
in human chromosomes of genes that de-
teymine the presence of antigems, So-
mati¢_hybridization has already shown
tthenes f01 human antigens must be

tl!l.t;L_nf_the_hvbrld cells is propon-‘

tiog:al_ to the number of human chromo-
omes.they contain, Adding a_purified
.mtlserurqthat acts against a specific an-_
tigen shquld make it possible to trace.
thas antigen’s gene to a single chromo-
some. In short, it appears likely that
within a few years a numbéer of human
genes will have been assigned to specific
chromosomes. Whether more refined
genetic analysis and mapping will be
possible with somatic hybrids depends
on whether genetic events comparable
to those that produce recombination
within the chromosomes of germ cells
occur also in mammalian somatic cells.

and
undifferentiated cells, or between

ing them _at’a stage when they contain

differently differentiated cells, can pro-

ommmmmlamhgjmgﬁw, vide information on the nature of the

a specific human _gen

I spe-

loss. of -a specific chromosome. So far this c1al;za§10n The activities of somatic cells
(ﬁas been done for one enzyme. The can be divided into two general cate-
meuse cells Weiss and Green used were _ gories. There are “essential” functions

deficient in thymidine kinase_one of the  that are indispensable for the cells’ own
enzymes requ1red for p;rowth in thtle- maintenance and growth and there are
field’s specialized “luxury” functions, such as
of hy\brld cells mamtamed in_the selec- the formation of muscle fiber, the secre-

(We have found, moreover, that in the

hybrids some of the active enzyme mole-

] Eve faedium_therefore depend on the tion of hormones and the producti(;n of

cules, which are composed of four sub-

unit§, are themselves hybrid Tn Raturs, ™

formed by the random association of rat

presence of the buman gene for thymi- _pigment, that are necessary for the sur-

dine kinase. In s _the organism but not for the
“cells only from - ival of isolated cells. The essential
' mgsomes remained after 100 to 150 gen-  functions are expressed in all growing

suhunits ;and mouse subunits. Several

other ggkumples of hybrid enzyme mole-
cules aseh d in Interspecific

erations [see illustration on page 35]. In~ somatic cells. Each luxury function, on

_mach-of them ane specific human chro- _the other hand, is expressed in a differ-

_mosgme was still present: a small one of

ent line of specialized cells. In 1961
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: ‘MOUSE-HUMAN hybrids are illustrated by the cell cultures (left) groups (plus the two female sex chromosomes). Except for a' tend-

- ‘and the karyograms (right) of the mouse parent line (zop), the hu. ency to align in parallel, the hybrid cells look more like the mouse
man parent (middle) and the hybrid (bottom). The human cells,  cells than the human ones. This is in keeping with the fact that .
derived from embryonic lung tissue, contain the normal number of the hybrid karyogram contains only 14 of the 46 human chromo-

" chromosomes (46, or 23 pairs), arranged here in the usual seven somes, which are readily distinguished Iroin mouse chrontosumes;
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Frangois Jacob and Jacques Monod of
the Pasteur Institute in Paris discovered
mechanisms that regulate the activity of
genes in bacteria. It is generally believed
that similar mechanisms are responsible
for specialization of somatic cells—that
sets of genes governing the various lux-
ury functions are activated or repressed
as required in the cells of the different
tissues. Since bacterial and mammalian
cells have very different properties and
requirements, however, it would not be
surprising if somatic cells have evolved
some unique mechanisms for the regula-
tion of gene activity.

Working with Davidson and Kohtaro
Yamamoto at Western Reserve, one of
us (Ephrussi)_cpessed two cells_ one of

which synthesizes a certain luxury prod-

yet. This differentiated parent is a line

4 number of dlﬁerent mouse lines that

have never produced melanin, the hy-

brids have a rather stable karyotype and

cortfain most of the chromosomes of both

atents. Yet among the many hybiid

colories obtained, none synthesizes mel-

anin gr contains the enzyme dopa oxi-

dase, which'is required Tor the synthesis

of the _pigment and which is present in

large @qntmes in the melanoma cells.

0bv1ouslk

fuse wih_the unpigmented_ones, the

synthegi by
some xegulatory substance produced by

when the melanoma cells

ENZYME AND CHROMOSOME can be correlated in the clone from which this metaphase
was taken. All hut three human chromosomes have e been lost: two of Group G (¢hin ar-

the no cells, Whether this block oc-
curs a[ﬂ?i level or the gene specu)_'gg
dopa oxidase (which was active in the
melanoma cell) or at some later step m
the pro 1 pro-
ductlkxs somethmg that remains to be
determined.

Some light may be. shed on the mech-

raws)_and--one of Group E (heavy arrow) remain, The Group E chromosome 15 always

retained_in clones grown, ss this one was, in a_medium in which cells survive only if

L ' h

" for continuous and rapid growth. Some

other highly differentiated cells no long-
er grow at all; the essential syntheses

anismg of regulation of gene wetivity > i
maMﬂw that occur in growing cells are arrested.

ly segregated hybridsbetween melano-

ma cells and cells that do not produce
the pigment. If the genes responsible
r producing melanin are active in the
elanoma parent because of some stable
hange at the chromosome level, and if
hey are only temporarily repressed in

pressing chromosomal material should
bring a resumption of melanin synthesis,
If synthesis does not resume, one will
have to conclude that the continuous
roduction of melanin in the melanoma
arent was not due to a stable cellular
ange in the first place,

The melanoma cell is u differentiated
1l that synthesizes both a specialized
roduct and all the enzymes necessary

Does his reflect a total and definitive in-___

axm:m.tmn.nf_thﬁ_nucleus associated with

extr rentiation? Harris and his
co-workers have shown that it does not.

T

hey.produced heterokaryons between  hig
nuc]eagg Eﬁg blﬁﬁd cells taken directly
from t a hen_and_actively

the hybrid cells, then the loss of the re- _growing, undifferentiated human cells.

The human cells are characterized by
rapid synthesis of deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA); the
Hen blood cells synthesize neither and

- chromosome _must carry the gene for TK.

the’ &d.ceanncleus_Js_J.eacn!ated.__lL

must not have been irreversibly inacti-
vated to begin with.

It will be most interesting to deter-
mine precisely which of the numerous
possible functions are resumed in these
reactivated nuclei. Can the nuclei of
ighly differentiated cells such as the
red blood cells be induced to perform
not only some essential functions but
_also_speeialized functions characteristic
of other differentiated cell types? It
should be possible to answer this ques-
tion by determining the nature of the
products synthesized by red-cell nuclei

t ighly condensed nu-
clei_characteristic of quiescent cells. In

that are reactivated by fusion with other
differentiated cells. A positive answer

the hegerokaryons the red-cell_nuclei _weuld open .. new line of biochemical

undergW_thg_ﬁwell

up, theig chromosomal material becomes

investigation of the factors that control
cellular differentiation in embryonic de-

less condensed and they resume the syn- __velopment.
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